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1. Introduction 
Rainfall simulators have been used extensively to gather runoff, infiltration, and erosion data in both 
laboratory and field experiments [1, 2, 3, 4, 5]. Results of these experiments are typically used for the 
purposes of understanding point and plot scale hydrologic processes, including runoff mechanisms, water 
routing, and effects of characteristics such as slope, composition, and surface characteristics. The main 
advantage of the rainfall simulators is the possibility to vary the system configuration for simulating 
different scenarios of rainfall field characteristics (duration, intensity and drop size distribution). Many 
rainfall simulators have been developed according to the field and scale of application, which can be 
laboratory scale (1 m2 or smaller) or field scale (up to approximately 10 m per side). However, rainfall 
simulators can be classified mainly in two categories, the drop forming simulators [1, 2] and the nozzle 
rainfall simulator [3, 4, 5]. The drop-forming simulators simulates the rainfall through a drip tank with 
uniform arrays of holes from which the water flows producing a distribution of drops with an intensity 
that is controlled by the diameter of the holes and the pressure in the tank. These systems are 
characterized by a uniform intensity spatial distribution, they are easily portable, and they use water very 
efficiently. However, they generally have a limited drop size distribution, the velocity of the drops is 
limited by the height of the tank, and they are limited to small plots [6]. In the second category there are 
the pressurized nozzle simulators that force water into the nozzles generating drops that impact the soil 
with higher velocities than the systems of the previous category. In this way, high rainfall intensities, 
which are more typical of natural rainstorms, can be generated. These systems allow also to simulate 
rainfall fields at larger scales still with uniform spatial distribution and reasonable drop size distribution. 
After a first attempt using a drip screen rainfall simulator we designed a new pressurized nozzle rainfall 
simulator. We tested the rainfall simulator first on the laboratory and then on a field site in Orroli, 
Sardinia, Italy. For field experiments the proposed simulator system includes a tipping bucket flow gauge 
for monitoring surface runoff and 15 soil moisture probes. The system irrigates an area of approximately 
15 m2 allowing to simulate two rainfall intensity rates ranging from 31 mm/h to 62 mm/h.  
2. The drip screen rainfall simulator 
The drip screen rainfall simulator is a drip tank (18 cm × 36 cm) with an uniform array of holes with 
the diameter of 2 mm, spaced 20 cm (Fig. 1). For reaching an actual drop dimension, thin plastic tubes of 
0.7 mm of diameter with fishing lines inside are applied to the holes. In this way a maximum flow of 4 l/h 
is reached. Finally a plastic mesh screen (4 X 4 mm spacing) is located beneath the tank. The rainfall 
properties (intensity, drop size and distribution) were well simulated, but the system cannot be applied to 
larger spatial scales [6].  
3. The proposed rainfall simulator 
The water delivery system of the proposed rainfall simulator consists of four lines of either 11 or 12 
common pressure washing nozzles (Fig. 2) mounted on a 4 m × 4 m × 2 m (high) metal frame. The 
nozzles point upwards at alternating angles of 48 and 54 degrees from horizontal and the entire system is 
connected using 1.5 cm inner diameter pvc pipe. Each of the four lines operates independently with a 
valve and pressure gauge for the flow control. Additionally, a plastic mesh suspended under the nozzles 
allows to randomize the spray patterns and increase the drop sizes. Supporting components of the system 
are the metal supports for the nozzles and piping, a 2 m3 plastic water tank, a submersible pump, and the 
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Fig. 4. (a) Field
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Fig. 5. (a) High
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